ABSTRACT: The first at-sea estimates of density and abundance of the olive ridley turtle Lepidochelys olivacea in the eastern tropical Pacific (ETP) were produced from shipboard line-transect data. Multi-ship surveys were conducted in 1992, 1998, 1999, 2000, 2003, and 2006 in the area defined by 5°N, 120°W, and 25°N and the coastline of Mexico and Central America. Sighting data of olive ridleys were stratified by survey effort and sighting conditions, thereby reducing potential biases from heterogeneous observation conditions. Dive data from satellite telemetry studies were used to correct for the proportion of turtles that were submerged and unavailable for detection during the surveys. A weighted average of the 5 by-year estimates (1998 to 2006) was 1.39 million (coefficient of variation, CV = 19.7%; approximate 95% CI: 1.15 to 1.62 million). Our findings are consistent with the dramatic increases of olive ridley nesting populations that have been reported over the past decade for beaches in the ETP. : 191-203, 2007 ities (Cheng & Chen 1997 , Pandav et al. 1998 , Lewison et al. 2004 , Pinedo & Polacheck 2004 , which are thought to be a significant source of mortality. As a result of these impacts, nesting abundances on many of the primary nesting beaches have declined (Valverde et al. 1998 , Shanker et al. 2003 to the extent that several olive ridley arribadas appear to be an endangered phenomenon (Brower & Malcolm 1991) . Due to these ongoing threats and ensuing population declines, the olive ridley was officially protected in Mexico in 1990 (DOF 1990 , and remains listed as 'Endangered' in the IUCN World Conservation Union Red List (IUCN 2006) and included in Appendix I of the Convention on International Trade in Endangered Species (CITES). Despite a worldwide increase in research and conservation of olive ridleys, few data are available on their density and abundance in most regions.
INTRODUCTION
The olive ridley turtle Lepidochelys olivacea occurs in tropical and subtropical regions throughout the world's oceans and is the most abundant marine turtle (Pritchard 1997) . The species exhibits solitary and 'arribada' nesting, the latter being a strategy unique to the genus Lepidochelys, during which 100s to 1000s of females nest synchronously at a nesting beach (Richard & Hughes 1972 , Cliffton et al. 1995 , Pritchard 1997 . During exceptionally large arribadas, such as those that occur along the Pacific coasts of Costa Rica and Mexico, and the Indian Ocean coast of northeastern India, 100 000 or more olive ridleys may nest over the course of 1 to 3 d (Márquez et al. 2002 , Shanker et al. 2003 . Despite the great abundance of arribada nesters, their numbers are comparable to those of solitary nesters, due to the expansive nesting range of the species (Abreu-Grobois & Plotkin 2007) . For example, arribada nesting along the Pacific coast of the Americas occurs at only a few sites, whereas solitary nesting occurs at thousands of beaches from northwestern Mexico to Ecuador (Cliffton et al. 1995 , Alava et al. 2007 Like other marine turtles, olive ridleys have been affected by a variety of human activities such as direct harvest of eggs and turtles, nesting habitat destruction, and fishery bycatch (Cheng & Chen 1997 , Pritchard 1997 , Pandav et al. 1998 ). In the eastern Pacific, for example, commercial exploitation of olive ridleys during the 1960s and 1970s resulted in annual harvests of 75 000 to 350 000 turtles in Mexico (Peñaflores et al. 2000) and tens of thousands of olive ridleys each year from Ecuadorian waters (Green & Ortiz-Crespo 1995) . More recently, olive ridleys have been subjected to incidental capture resulting from various fishing activ-ities (Cheng & Chen 1997 , Pandav et al. 1998 , Lewison et al. 2004 , Pinedo & Polacheck 2004 , which are thought to be a significant source of mortality. As a result of these impacts, nesting abundances on many of the primary nesting beaches have declined (Valverde et al. 1998 , Shanker et al. 2003 to the extent that several olive ridley arribadas appear to be an endangered phenomenon (Brower & Malcolm 1991) . Due to these ongoing threats and ensuing population declines, the olive ridley was officially protected in Mexico in 1990 (DOF 1990 , and remains listed as 'Endangered' in the IUCN World Conservation Union Red List (IUCN 2006 ) and included in Appendix I of the Convention on International Trade in Endangered Species (CITES). Despite a worldwide increase in research and conservation of olive ridleys, few data are available on their density and abundance in most regions.
Successful management of a population requires information about mortality, recruitment, and temporal changes in abundance or density. Longitudinal estimates of abundance or density are necessary for management and monitoring of marine turtle populations. For marine turtles, the annual number of females at nesting beaches has been used as an index of abundance (Meylan 1995 , Troëng et al. 2004 , Kaplan 2005 . Because the proportion of the total females nesting in any one season may vary substantially from year to year (Broderick et al. 2001 , Shanker et al. 2004 , Dutton et al. 2005 , inter-annual variability in nesting abundance does not necessarily reflect actual changes in abundance. In the case of olive ridleys, this problem is exacerbated by the difficulty of generating accurate abundance estimates of nesting females during arribada events.
An alternative and complementary method to nesting beach surveys is sampling at sea. Transect sampling, such as line-transect and strip-transect surveys, has been used successfully to estimate density and abundance of marine mammals and marine birds around the world (Caretta et al. 2001 , Dawson et al. 2004 , Castège et al. 2004 , Gerrodette & Forcada 2005 , Lowry & Forney 2005 . However, only a few studies have used distance sampling methods to estimate marine turtle abundance or density at sea. Beavers & Ramsey (1998) analyzed sighting data for the hardshelled turtles, olive ridley Lepidochelys olivacea, green turtle Chelonia mydas, hawksbill Eretmochelys imbricata, and the loggerhead Caretta caretta, in the eastern tropical Pacific (ETP) based on earlier data collected in the same area. Because their study was focused on the methodological importance of using environmental covariates, however, they pooled all hard-shelled turtle species (Cheloniidae) as one group. Species-specific density estimates, therefore, were not provided. Along the central coast of California, aerial line transect surveys have provided annual abundance estimates of leatherback turtles Dermochelys coriacea in the foraging area (Benson et al. 2006) . Aerial linetransect surveys are also proving to be effective for determining spatial distribution and density of loggerhead turtles along the Pacific coast of Baja California, Mexico (Seminoff et al. 2006) .
In this study, we estimated densities of olive ridleys in the ETP from ship-based line-transect sighting data for 1992, 1998, 1999, 2000, 2003, and 2006 . We compared qualitatively our finding to changes in abundance reported for nesting beaches. These results can be used to evaluate future changes in the density and abundance of olive ridley turtles in the ETP and to relate total estimates of abundance to nesting beach counts.
MATERIALS AND METHODS
The study was conducted in an area that extended from 5°N northward to 25°N and from 120°W eastward to the coastlines of Mexico and Central America. 1992, 1998, 1999, 2000, 2003, and 2006 . Turtles were surveyed from 2 research vessels (3 vessels in 1998) that were being used to survey marine mammals. Line-transect data collection procedures are described in Kinzey et al. (2000) . The eye height of observers was approximately 11 m above sea level. Observers were located on the port and starboard sides of the observation deck and used 25 × 150 mm deck-mounted binoculars to search for animals from the track line to 90°of their respective sides. The third observer searched the track line with the naked eye and with hand-held 7 × 50 mm binoculars. Radial distances were measured with reticles in the binoculars, and horizontal angles from the trackline were measured to the nearest degree with a pointer attached to the binocular column. Perpendicular distance from the track line was calculated later as (radial distance) × sine (horizontal angle).
The study area was divided into 4 strata; offshore north, offshore south, coastal north, and coastal south (Fig. 1) . The coastal strata, bounded by the 1000 m depth contour, had greater survey effort per unit area in most years. The division between north and south followed the EEZ boundary of Mexico, which was necessary because surveys could not be conducted in Mexican waters in 1992. We emphasize that the stratification was based solely on the logistical con-straints of the sampling design and was not done for ecological or biological reasons.
Turtle sightings were identified as olive ridley, loggerhead, green, or leatherback turtles. Although turtle sightings were not always identified to species, for the analysis we assumed that all unidentified turtles were either olive ridleys or loggerheads, because only 1 green turtle (1998) and 1 leatherback turtle (2003) were identified in the study area over the entire course of the study. We assigned each unidentified turtle to either loggerhead or olive ridley based on the observed proportion of sightings with known species within each stratum and year
We used line-transect analysis for estimating the density of olive ridleys in the ETP. Each day was treated as a sampling unit. The theory and analytical methods are described in detail in Buckland et al. (2001 Buckland et al. ( , 2004 . Based on the assumption of the equal detection probabilities of olive ridleys and loggerheads, we used both species and unidentified hardshell turtles for estimating detection functions (g(y), where y is the perpendicular detection distance). To estimate the density of olive ridleys from identified and unidentified species, we first estimated the proportion of olive ridleys among the identified species for each stratum. The estimated proportion was used to compute the number of olive ridleys for unidentified sightings. The estimated number of olive ridley sightings, then, was used to determine the density of the species (D) at the ocean surface. Finally, the total density of olive ridleys, including those that are submerged during the surveys, was estimated using published and unpublished information on the proportion of the time olive ridleys spend at the ocean surface during daylight hours (see below, this section). We made an assumption that available data are representative of diving durations of olive ridleys in the study area. To reduce the variability in detection probability due to sea conditions, only sighting data obtained at a Beaufort sea state < 3 were used in the analyses. Beaufort sea state, however, was used as a potential covariate which affected the sighting probability (Buckland et al. 2001 , Thomas et al. 2003 . Method of sighting, either unaided eye or 25 × 150 mm binoculars, was also considered as a covariate. Buckland et al. (2001) recommended that truncation of 5 to 10% of the largest perpendicular distances or the truncation distance, w, be chosen such that the detection probability function at w was approximately 0.15, i.e. g (w) Х 0,15. We truncated all sightings at a perpendicular distance of 1.5 km from the track line, which eliminated approximately 14% of all data (261 out of 1833). In an analysis of line-transect data, one has to find the best analytical model that describes the detection probability of objects as a function of distance; this is known as the detection function. We used half-normal and hazard-rate functions with cosine adjustment terms as possible models for probability density functions of perpendicular distances. To determine the fit of each model to data, chi-square goodness-of-fit tests and visual inspections of observed and expected detection probabilities were conducted. Among reasonable candidate models, Akaike's Information Criterion, corrected for small samples sizes (AICc; Sugiura 1978) was used to select the most parsimonious model for our data.
Sightings without perpendicular distances occurred in areas of very high turtle density, when observers could not record angle and distance to each turtle as the ship moved along the trackline. Under these conditions, observers kept a simple tally of the number of turtles seen. Sightings without perpendicular distances were not used for estimating the detection function (g(y)), but were used for estimating turtle density, under the assumption that the same detection function applied. Consequently, our analysis consisted of 2 stages. First, we determined the most appropriate detection function for each year's data using perpendicular distances, including unidentified turtles. We assumed that the sighting function was equal among geographic strata, adjusted for sea state and sighting method. Second, estimated parameters for the detection function and all sightings (with or without perpendicular distances) were used to estimate the density of olive ridleys for each stratum. In the latter step, each unidentified sighting was randomly assigned as either a loggerhead or an olive ridley according to the proportion of observed turtles identified as olive ridleys in the dataset (Table 1) .
We used a randomization method to compute uncertainty around estimated densities. Using each day as a sampling unit within each year, data were randomly selected with replacement to form 4999 randomized datasets of the same size (i.e. the number of sampling days). For each randomized dataset, estimated parameters from the best model were used to compute the density of turtles. These 5000 density estimates (using 4999 randomized datasets and 1 true dataset) were used to find a confidence interval around the estimated density from the true dataset. We used DISTANCE (v. 4.1, Release 2; Thomas et al. 2003) to find the best detection function for each year and estimate the parameters of detection functions (first stage). Estimation of densities and their confidence intervals (second stage) were accomplished by creating routines in Matlab (Mathworks). Matlab routines are available from T.E. upon request. We report 2.5 and 97.5 percentiles of 5000 density estimates as the measure of uncertainty unless otherwise noted.
Because submerged marine turtles are not observable at the sea surface, estimated density refers to the olive ridleys at the ocean surface during the time of survey. Consequently, in order to estimate the total abundance of olive ridleys in the area, we need to account for the proportion of time turtles spend at or near the ocean surface. Parker et al. (2002) reported that olive ridleys in our study area spent 22 to 56% (mean = 37%, n = 8) of their time at near the ocean surface (<1 m) between 09:00 and 14:00 h. In another study within our study area, olive ridleys that were caught in long-line fishery operations and released with satellite transmitters spent an average of 46% (range = 29.5 to 75.8%, n = 9) above 5.4 m between 09:00 and 14:00 h (L. McNaughton, Joint Institute for Marine Research and Atmospheric Research, University of Hawaii, pers. comm.). Polovina et al. (2004) reported that olive ridleys spent approximately 20% of their time at the surface (n = 2), although the study was conducted west of our study area. These studies showed that a fraction of turtles were at the surface during the time of survey, indicating that diving behavior has a negative bias on the density estimation from line-transect analysis. Although the small sample sizes of these studies make the generalization of dive patterns of olive ridleys difficult, we use 40% as the best estimate of the proportion of the total time olive ridleys spend their time at the ocean surface. Because the study by Polovina et al. (2004) was outside of our study area, we relied more on the mean values from studies by Parker et al. (2002) and McNaughton. We rounded the average of the 2 mean values from these 2 studies to obtain 40%.
To compute the total abundance for each year (N t ), the estimated density for each stratum was weighted by the proportional area (p 89 of Buckland et al. 2001) : (1) where N t is the estimated N t , A i is the area of the i th stratum,D i,t is the estimated density of the ith stratum for year t, and s is the proportion of time olive ridleys spent at the ocean surface (0.4). The upper and lower confidence limits were computed in a similar manner, using the limits for each stratum. To compute the variance of the abundance estimate for each year, we assumed independence of densities among strata: (2) where k t is the number of strata for year t and k t = 2 for 1992 and k t = 4 for other years, and variance ofD i,t was computed using the 5000D i,t values from the randomization method. Finally, to compute the overall abundance estimate between 1998 and 2006, we used the weighted average ofN t using the method described in Seber (1982) : (3) where w t = 1/σ t 2 and σ t 2 = var(N) t . The variance of this estimator is:
An approximate 95% CI for -N was computed using the normal approximation:
where .
RESULTS
An average of 2700 km (SD = 840) was surveyed per annum while Beaufort sea state was < 3 ( Table 2 ). The total number of transect lines was ≥50 per annual survey. The sample size was greatest for 1998, when surveys were conducted over a total of 90 transect lines, which covered 3731 km of track lines.
The number of observed turtles ranged from 448 during 2006 to 1212 during 2003 (Table 1) . Among turtles that were identified to species in the field, < 5% were loggerheads. The proportion of olive ridleys varied among regions and years (Table 1) . For the southern strata (offshore and coastal), olive ridleys were the only identified species, whereas loggerheads were also found in the northern strata (Table 1) . The proportion of loggerheads within a stratum also varied among years. As many as ca. 65% of sightings per annum were without perpendicular distances (Table 1) .
The encounter rate (turtles per km surveyed) ranged from 0.03 in the northern offshore stratum during the 1998 survey to 2.3 in the southern coastal stratum during the 1999 survey (Table 3) . Although encounter rate was variable among strata and years, the northern coastal stratum consistently had a higher encounter rate, whereas it was most variable in the southern coastal stratum. The number of sightings per day was variable: for the majority of days, sightings numbered <10, while the maximum number of sightings in 1 day was 469.
The expected detection probability at 1.5 km ranged from ca. 0.05 to 0.25 (data not shown). In each year, there were more sightings recorded very near the track-line than could reasonably be expected. The most likely cause was rounding of distance measurements by observers in the field ('heaping'), because attraction to the moving vessel was not a reasonable explanation for turtles. To address this problem, we used binning, which masked heaping by grouping distance data (Fig. 2) . After examining various binning options, we used 2 binning methods; 8 bins of an equal width and 8 bins of unequal widths. For the unequal bin widths, the width of the first bin was 0.1 km, whereas the width of the other bins was 0.2 km. Consequently, analyses on each year's data were conducted on 3 sets of data; 2 binned and un-binned datasets.
For the analysis of unequally binned data for 2006, we detected heaping for the second bin (187.5 to 375 m). The model fitting algorithm apparently overfitted the most parsimonious model [HR + cos(3) + (Bft, Mt)] to data (HR: hazard-rate detection function; Bft: Beaufort sea state; Mt: method of sighting). We therefore used the second and third parsimonious models as the 2 best models. The difference in AICc values between the 2 best models (ΔAIC) was < 2 for the majority of analyses, indicating both models fit equally to each dataset (Table 4 ). The same result was found for estimated effective strip width (ESW), where no significant difference was found between the 2 best models for all datasets (Table 4 ). Hereafter, we will discuss only the best model for each dataset.
The half-normal function was selected as the best key detection function for the majority of datasets (Table 4) . For 2000, however, the hazard-rate key function was selected as the more appropriate model for the 3 data types (Table 4 ). The observation method was the only influential covariate for the detection function, except for the equally binned data for 1992, in which Beaufort sea state was the influential covariate, and for 2006, in which observation methods and sea state were both included in the best models. Estimated ESWs among 3 datasets were significantly different for 1998, where 95% CI did not overlap between 2 binning sets (Table 4) . For other years, they were not different among the 3 data types. Among years, estimated ESW were greater for 1999 (0.7 km) than for other years (0.4 to 0.5 km).
Regardless of model selection or binning options, density estimates were similar within each year. Point estimates of density for the entire study area were approximately 0.10 to 0.15 turtles km -2 for 1992 through 2000, but for 2003 increased to approximately 0.40 turtles km -2 (Fig. 3) . The estimated density in the area, however, decreased to approximately 0.20 turtles km -2 for 2006. Changes in estimated densities were more apparent when estimates were compared among years for each stratum. Because of the large uncertainty, estimated densities were not statistically different among years (Fig. 3) .
A consistent increase in density was found for the northern offshore stratum (Fig. 3) ent directional change in density was found over time (Fig. 3) . A large temporal variability was observed for the southern offshore stratum, where a greater density was found for 2003 than for other years. For the northern coastal stratum, the estimated densities were constant from 1998 to 2006. For the southern coastal stratum, estimated densities fluctuated from year to year, from < 0.1 turtles km -2 (0.07; 95% CI = 0.01 to 0.19) in 1998 to more than 1.0 turtle km -2 (1.08; 95% CI = 0.00 to 1.28) in 1999. The wide CIs for 1999, the lower bounds of which were zero, were the results of small sample size (3) with 1 transect line having no turtle sightings.
We estimated the total abundance (taking into account the proportion of unobservable submerged turtles) of olive ridleys in the study area to be approximately 1.1 million (95%CI: 330 000 to 2.2 million) during 1998 and 2.9 million (95%CI: 840 000 to 5.8 million) during 2006 (Table 5 ). The abundance estimate was greatest for 2003, where the point estimate was approximately 4.8 million and its 95% CI ranged from 0.9 million to 10.7 million (Table 5) . Using the estimates for 1998 through 2006, the average abundance, weighted by the inverse of variance of 5000 abundance estimates for each year, was 1.39 million (CV = 19.7%; approximate 95% CI: 1.15 to 1.62 million). These abundance estimates refer to the portion of the population comprised of large juveniles and adults (> ~25 cm) that were observable during these surveys through binoculars.
DISCUSSION

Line-transect analysis
Our study provides the first estimate of at-sea density and abundance of olive ridleys in the ETP. Because these estimates are based on line-transect analyses, the underlying assumptions for line-transect analyses must be examined. The primary assumptions for line-transect analyses are: (1) turtle movements are independent of the observers (i.e. ships did not affect turtle movements), (2) sighting distance measurements are exact, and (3) all turtles on the track line are detected. We think the ships had negligible effects on behavior and movements of olive ridleys during the survey. Sighting distances measured using binocular reticles are variable but accurate on average (Kinzey & Gerrodette 2003) . However, observers may round the distance to convenient values (i.e. heaping; Buckland et al. 2001) . We found evidence of heaping in our distance data. To address possible biases in estimated density due to heaping, we explored 2 binning options (see 'Results'). Estimated densities of olive ridleys, however, were unaffected by data manipulations, with the exception of 2006 data. Although statistically insignificant, point estimates among 3 data types for 2006 data were more variable than for other years (2 northern strata; Fig. 4 ). This was a result of the difference in estimated ESW among binning options (Table 4) .
Finally, turtles were detected at long distances (> 5 km) from the ship, indicating that all turtles on the track line were probably detected if they were at the surface. A sighting of a turtle, however, is conditional on the turtle being at the water surface at the time of survey. Because olive ridleys can stay submerged for as long as 180 to 240 min in the ETP and in the Arafura Sea (Parker et al. 2002 , McMahon et al. 2007 ), a large proportion of olive ridleys may have been submerged, therefore, unavailable for sighting during the survey.
Density and abundance estimates
Although not statistically different -due to the large uncertainty around point estimates -the point estimate of density was greater for 2003 than for the other years (Fig. 4) . There are several possible explanations for the change in the estimated density. The change may be caused by bias from survey designs and analyses, biological reasons, stochasticity that was not incorporated into our modeling, or a combination of these factors. For our sampling design, track lines were placed in the study area so that every location had an equal chance of being sampled. In our analyses, 2 best models provided comparable estimates for the 3 data types for all years. Consequently, we think the observed variability in the estimated density was not an artifact of analysis or survey design.
Olive ridleys may change their behavior over time, and may, for example, aggregate at a certain time of the year, perhaps responding to environmental cues (Plotkin et al. 1995) . Polovina et al. (2004) ) ] obviously overfitted to data, which indicated apparent heaping at the second bin. We, therefore, used the second and third models as our best models the center of the Subtropical Gyre, where the water is vertically stratified with a deep thermocline. They also speculated that olive ridleys use geostrophic currents and wind-induced upwelling to reduce the energy expenditure of foraging. Generally, olive ridleys were found in the waters where sea surface temperature was approximately 27°C (Polovina et al. 2004 , Swimmer et al. 2006 ). These observations indicate that distribution of olive ridleys in the Pacific Ocean is patchy and probably dynamic, corresponding to large scale ), total abundance, and 95% CI around the estimates for olive ridleys in the ETP. For each year, estimates for 3 binning options (± SE) are shown; from left to right, equal-width binning (s), unequal-width binning (n), and no binning (h). See 'Results' for details of these binning options. To compute the total abundance, the median among the 3 data types was used. Strata are northern offshore (A), southern offshore ( (Table 4) . To compute the estimated abundance for each year, the estimated density for each stratum was multiplied by the corresponding area and divided by the proportion of time olive ridleys spent at the ocean surface (0.4). Strata are northern offshore(A), southern offshore (B), northern coastal (C), and southern coastal (D) spatial and temporal changes in ocean temperature. The greater density during 2003 in the study area may have been the result of turtles moving into the study area from elsewhere. Conversely, the lower density estimate for 2006 may have been the result of olive ridleys moving away from our study area that year. The wide CIs for some estimates in our analyses were the result of several sources of stochasticity in our data. Extreme patchiness of olive ridleys in the study area resulted in some track lines with no observations of turtles, whereas large numbers of turtles were detected in other track lines (Fig. 2) . Consequently, the randomization method resulted in wide CIs. CIs for the total abundance become much wider if the uncertainty in the proportion of time at the surface is included in the computation. Further, the variability in behavior of olive ridleys in the study area, e.g. juveniles vs. adults, mating pairs vs. single animals, spatial and temporal changes, may attribute to the large variability. More data, therefore, are necessary to obtain a precise estimate of the proportion of time olive ridleys spend at the ocean surface. Finally, environmental (e.g. depth, time of day, temperature) and biological factors (e.g. sex and life stage) that may affect their behavior should also be determined.
Implications for population assessment
Increases in the number of nesting olive ridley females have been reported for Mexico (Márquez et al. 2002) and Costa Rica (Chaves 1998 , 1999 , 2002 , Chaloupka et al. 2004 ; Fig. 4 ). These increases most likely resulted from cessation of harvest at nesting beaches (eggs and females) and of adults and large sub-adults in coastal areas. This observed increase in nesting activity resulted in greater hatchling production and, ultimately, greater numbers of juveniles at sea. A large number of juveniles would have become available starting in the late 1990s, following the extensive beach protection initiated in the early 1990s (DOF 1990) . A recent skeletochronological study indicated the median age of sexual maturity of olive ridleys to be approximately 13 yr, although it may occur as early as 10 yr (Zug et al. 2006) , which coincided with the time between the initiation of nesting beach protection (early 1990s) and the observed large number of olive ridleys in the early 2000s at nesting beaches.
The results of our study demonstrate that the at-sea abundance estimates provide information that is not available from nesting beach censuses. At nesting beaches, only adult females, eggs, and hatchlings are available for observations, whereas at sea, large juveniles and adults of both sexes are available for sampling. Consequently, the data from ship-board line transect sampling provide complementary information to data provided from nesting beach studies. Due to the patchiness of the distribution of olive ridleys in the ETP, estimated abundances had a high degree of uncertainty, i.e. wide CIs. These uncertainties indicated that these estimates are not appropriate for computing the trend of the population; such information needs to be obtained from well-planned nesting beach surveys.
Because of the variability in the number of turtles observed at nesting beaches and at sea, longitudinal studies and surveys are necessary to determine whether or not the population is declining over time. For a large spatial scale study, sampling design should account for patchiness of distribution of turtles. Adaptive sampling (Thompson & Seber 1996) may be appropriate for this purpose. Our data came from opportunistically collected sightings from surveys of marine mammals, whose distributions were not similar to those of marine turtles. For nesting beach studies, various possibilities exist for obtaining precise trends of a population, such as mark-recapture, saturation tagging, and photo-census.
Finally, to determine possible impacts of anthropogenic mortality on the population, information on fishery by-catch and egg harvest is also required. In Fig. 4 . Lepidochelys olivacea. Change in estimated nesting abundance of 2 major olive ridley nesting populations from the eastern Pacific (a) Playa Escobilla, Mexico (Márquez et al. 2002) and (b) Ostional, Costa Rica (Chaves 1998 , 1999 , 2002 , Chaloupka et al. 2004 combination, these data would aid decision making in the long-term management of turtle populations. With location-and time-specific mortality data, management decisions may be made which are specific to age or stage classes, locations, and time of the year. Conversely, effective and successful management of olive ridleys is difficult without knowledge of their spatial and temporal distribution because of the large uncertainty associated with many life history parameters and abundance of the species. However, the general conclusion about the population growth rate needs to be examined when more longitudinal data are available. Given the observed spatial and temporal variability in the density of olive ridleys, it is premature to estimate such quanttities as population growth rate and other population parameters from the line-transect data. Further, on-going studies have indicated that the sizes of non-arribada rookeries may be declining and these rookeries may be isolated demographically from the rest of the eastern Pacific population (A. AbreuGrobois, pers. comm.). Consequently, surveys and genetic sampling are necessary to elucidate the status of the population.
Our results indicate that olive ridleys currently are abundant in coastal and oceanic waters of the ETP, and their numbers are probably still increasing as a result of the protection programs that began in the 1990s. These population estimates are important not only for monitoring the status and trends of this recovering endangered species (IUCN 2006 ), but will also be essential for assessing the ecological impacts of this physically large and increasingly abundant component of the ETP marine ecosystem (Bjorndal & Jackson 2003 , McClenachan et al. 2006 ).
In conclusion, through line-transect analysis of sighting data, the best estimate of abundance of olive ridleys in the ETP was 1.39 million (CV = 19.7%; approximate 95% CI: 1.15 to 1.62 million). The true abundance was greater because the abundance refers only to large juveniles and the adult portion of the population. However, a large spatial scale longitudinal study combined with the observed temporal and spatial variability in the density is necessary to provide an accurate trend of the true density of olive ridleys in the region and to analyze the effects of human activities on the population. Such information is essential for successful management of olive ridleys in the area. Our study provides the baseline information on the density and abundance of olive ridleys in the ETP to which future studies can be compared. Our results indicate that olive ridleys are abundant in coastal and oceanic waters of the ETP, and may have increased since the 1990s. Considering the relatively high estimated density and abundance of the species, the present 'Endangered' status of olive ridleys under the World Conservation Union (IUCN 2006) should be reviewed.
